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(57) ABSTRACT

A system and method for utilizing a multi link antenna array
for wireless links 1n conjunction with fiber MAN’s 1s dis-
closed. The fiber MAN’s are coupled to one or more multi-
link antenna arrays. Each multi-link antenna array forms a
plurality of point-to-point wireless links.

18 Claims, 3 Drawing Sheets

100

S

RAN TOM
CIRCUITS

RAN ETHERNET
CIRCUITS

104 PWE

106

R MSC/POP
114

116



L Old

91

US 7,881,752 B1

v

dOd/OSI &S
90}

- SLINOYID
i 1INYIHLT NV
= SLINOYID &
S NOLNVY
7).

A
- N
S “_".
3 i
- AN
e

\\ CH

001

U.S. Patent



U.S. Patent Feb. 1, 2011 Sheet 2 of 3 US 7.881,752 B1

204




U.S. Patent Feb. 1, 2011 Sheet 3 of 3 US 7,881,752 B1




US 7,881,752 B1

1

HYBRID ARCHITECTURE THAT COMBINES
A METROPOLITAN-AREA NETWORK FIBER
SYSTEM WITH A MULTI-LINK ANTENNA
ARRAY

RELATED APPLICATIONS

This application 1s related to the application “Multi-link
antenna array that conforms to cellular leasing agreements for
only one attachment fee” and “Multi-link antenna array con-
figured for cellular site placement™ that were filed on the same
day as the current application and are hereby incorporated by
reference.

FEDERALLY SPONSORED RESEARCH OR

D_EVELOPMENTJ
Not applicable
MICROFICHE APPENDIX
Not applicable

BACKGROUND OF THE INVENTION

1. Field of the Invention

The 1nvention 1s related to the field of communications, and
in particular, to communication architectures.

2. Description of the Prior Art

Metropolitan Area Network (MAN) based fiber optical
transmission presently exists as transport and for last mile
access. Fiber MAN’s can also use twisted pair access loops,
fixed wireless point to point, point to multi1 point microwave
and millimeter wave wireless links as last mile access but
presently do not incorporate point to point wireless links
using common carrier bands for last mile access. Patch anten-
nas are common for many bands but not available or certified
for common carrier bands such as 2, 4, and 6 GHz Common
carrier point to point MW bands. Using point to multi point
wireless links combined with M AN fiber optical transmission
result 1n transmission delay in the order of 4 ms or more, end
to end, per 125 miles. In addition, networks using point to
mult1 point wireless or Ethernet over fiber transmission based
on Ethernet switches or routers are examples of transmission
network architectures where capacity 1s shared between sites,
links, circuits and users, creating a less secure, more vulner-
able network exposed to unauthorized intrusion.

Common carrier bands at 2, 4 and 6 GHz, especially the 4
(GHz band, are under utilized today. The original and primary
use of the bands was for long distance telecommunication
across the US. The long distance links where typically oper-
ated by AT&'T, MCI and other telephone companies. The long
distance RF links had link distances of 30 miles or more.
These long distance links require large antennas. These
antennas had to be mounted individually on structures and
cell towers. The leasing cost on cell towers 1s based, 1n part, on
the number ol mountings used. The large microwave antennas
also created wind loading problems on cell towers. Today
these companies and new operators typically utilize fiber
optical transcontinental networks for Long Distance telecom-
munications. Deployment of fiber networks has rendered the
4 GHz band as highly under utilized and available for other
uses.

Therefore there 1s a need for a system and method that
utilizes these common carrier bands for last mile access on

fiber MAN’s.
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2
SUMMARY OF THE INVENTION

A system and method for utilizing a multi link antenna
array for wireless links 1n conjunction with fiber MAN’s 1s
disclosed. The fiber MAN’s are coupled to one or more multi-
link antenna arrays. Fach multi-link antenna arrays forms a
plurality of point-to-point wireless links.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram of a communication system 100
in an example embodiment of the mvention.

FIG. 2 1s a cutaway diagram of a multi-link antenna array in
an example embodiment of the invention.

FIG. 3 1s a cutaway diagram of a multi-link antenna array in
another example embodiment of the invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

FIGS. 1-3 and the following description depict specific
examples to teach those skilled 1n the art how to make and use
the best mode of the invention. For the purpose of teaching
iventive principles, some conventional aspects have been
simplified or omitted. Those skilled in the art will appreciate
variations from these examples that fall within the scope of
the invention. Those skilled in the art will appreciate that the
teatures described below can be combined 1n various ways to
form multiple vaniations of the invention. As a result, the
invention 1s not limited to the specific examples described
below, but only by the claims and their equivalents.

Metropolitan Area Networks (MANs) have been con-
structed to interconnect the local telephone switches and the
long distance telephone switch over fiber optic links. The
MAN 1ncludes Synchronous Optical Network (SONET)
equipment and Wave Division Multiplexing (WDM) equip-
ment that 1s typically located at the local telephone switch
sites. Fiber MAN’s may use twisted pair access loops, fixed
wireless point to point, point to multi point microwave and
millimeter wave wireless links as last mile access. In one
embodiment of the current invention, a fiber MAN uses a
plurality of point-to-point microwave links from a multi link
antenna array site to provide last mile access. By combining
the performance attributes of the MAN’s high capacity fiber
transmission with point to point fixed wireless links, the result
1s secure and very low delay communication transmissions.
The architecture of the current invention enables end to end
millisecond transmission delay for circuits and services trans-
ported. End to end transmission delay performance that wall
result with this architecture will be on the order of 1 msec. per
125 miles.

FIG. 1 1s a block diagram of a communication system 100
in an example embodiment of the invention. Communication
system 100 comprises a plurality of regional area network
(RAN) sites 102, a fiber MAN 104, a multi-link antenna array
site 112, a customer site 108 and a mobile switching center
point of presence (MSC/POP) 114. MAN 104 1s coupled to
MSC/POP 114 with a fiber link 116. Multi-link antenna array
site 112 1s coupled to MAN 104 with a fiber link 106. In one
example embodiment of the mvention, fiber link 106 may
support multiple protocols, for example TDM and Ethernet.
The plurality of RAN sites 102 are coupled to the multi-link
antenna array site 112 with point-to-point wireless micro-
wave (MW) links 110. The customer site 108 1s coupled to the
multi-link antenna array site 112 with a point-to-point wire-
less MW link 110. In one example embodiment of the mnven-
tion, the point-to-point microwave links operate over the
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common carrier bands. Common carrier bands typically oper-
ate at 2, 4, 6, 10, 11, 18, 23, and 28 GHz.

FI1G. 2 1s a cutaway diagram of a multi-link antenna array in
an example embodiment of the invention. Multi-link antenna
array comprises a radome enclosure 202, an antenna mount-
ing system 204 and a plurality of antennas 206. The radome
enclosure 202 1s configured to match the size and shape of the
cellular antenna elements mounted onto a cell tower. Radome
enclosure 202 may be any suitable shape, such as cylinder,
rectangle, or the like. Radome enclosure 202 1s also config-
ured to mount to the antenna mounting system of a cell tower
or a building site using the same mounting system used by the
cellular antenna elements. Radome enclosure 202 1s config-
ured to resemble any one of the possible cellular antenna
clements. Typical cellular antenna elements come 1n a num-
ber of shapes and sizes. One typical cellular antenna element
1s a cylindrical tube with rounded ends. The cylindrical tube 1s
typically 10 to 16 inches 1n diameter and typically 6 feet in
length. The cylindrical tube 1s typically mounted with a ver-
tical orientation (as shown 1n FIG. 1). Another typical cellular
antenna element 1s generally rectangular 1n shape. The gen-
erally rectangular shape may have rounded edges or cham-
tered edges. The generally rectangular shape 1s typically 10 to
14 inches 1n depth and width and approximately 6 feet 1n
length. The dimensions given above for the sizes of a typical
cellular antenna element are for illustration only. Other cel-
lular antenna element sizes are possible. The example dimen-
s1ons do not limit the radome size of the current invention.

In one example embodiment of the mnvention, the antenna
mounting system 204 1s a vertical post fixed inside the radome
enclosure 202. The plurality of antennas 206 are mounted
along the vertical post. The vertical post allows the plurality
of antennas 206 to be aimed over the full 360 degree azimuth
range. Other antenna mounting systems that allow the full
360 degree azimuth range are possible and include a series of
horizontal slots built into the radome enclosure, where each
antenna mounts to the radome using one or more slots, a
series of stackable disks, where each disk contains one
antenna and where the disks can be rotated on top of each
other, or the like. In another example embodiment of the
invention, the antenna mounting system may limit the aim of
the antennas to a subset of the full 360 degree azimuth range.

In one example embodiment of the invention, each of the
plurality of antennas 206 1s configured to operate at one of the
common carrier bands, for example the 2,4, 6, 10, 11, 18, 23,
or 28 GHz band. When operating at one of the common
carrier bands, antenna 206 may be a small patch antenna.
Using a small sized patch antenna that fits into the form factor
of the radome enclosure 202 may still allow an effective range
of up to 10 miles for some of the common carrier bands. The
small patch antennas handle all weather conditions without
link path failures and operates through foliage albeit with
some reduction in range when operating at the 2, 4, or 6 GHz
frequencies. The higher frequency common carrier bands
(10-28 GHz) may have a reduction in link distance and less
tolerance for adverse weather conditions using the small
patch antennas. Patch antennas are common for many bands
but there are currently no commercially available certified
small form factor patch type directional antennas that can be
used with common carrier bands suchasthe 2,4,6,10, 11, 18,
23, and 28 GHz common carrier point to point microwave
(MW)bands. Matching a patch antenna to a given wavelength
band 1s well known 1n the arts.

One of the costs for utilizing cellular towers 1s the number
of cables or wires that run up the tower. In one example
embodiment of the invention, the signal lines for each of the
plurality of antennas mounted inside the radome enclosure
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are bundled 1nto one cable that exits the radome. The cable
may also iclude a power lead, a ground path, control lines or
the like.

In one example embodiment of the invention, each of the
plurality of antennas mounted inside the radome include a
radio frequency (RF) head. The RF head converts an inter-
mediate frequency (IF) into the actual frequency used by the
antenna. In this way an IF signal can be sent up the tower and
into the radome enclosure, mstead of the RF signal. The
signal lines used to transmit IF signals are typically smaller
than lines designed to carry microwave RF signals. By bun-
dling all the signal lines, and possibly the power line, ground
path, and control lines 1nto only one cable, the cost under the
current cellular lease agreements may be minimized.

In one example embodiment of the invention, all the anten-
nas inside a radome enclosure would be similar and would
operate at essentially the same wavelength. In another
example embodiment of the invention, a variety of different
antennas, operating over a wide range of frequencies, would
be mounted 1nside one radome enclosure. The variety of
antenna types include: small patch type antennas, yagi anten-
nas, parabolic antennas, circular polarizing elements, and the
like. The multi-link antenna array may operate at one of, or a
combination of, the following carrier bands: common carrier
bands of 4, 6, 10, 11, 18, 23, 28 GHz; unlicensed bands ISM
2.4, UNII 5.8, 3.6 GHz; E-band 71-91 GHz and auctioned
carrier bands applicable with PTP (point to point) radio’s:
700, 800, 1900 MHz, broadband radio service (BRS) 2.5 GHz
and all LMDS bands (28 GHz through 39 GHz), Millimeter
Wave radio bands, or any frequency where point to point
microwave and millimeter wave radio’s are authorized to
operate. One or more multi-link antenna arrays may be
mounted onto a cellular tower, depending on the number of
point-to-point links required at that site.

The multi-link antenna array of the current mmvention
enables multiple point to point links to be supported from a
single enclosure on a cell tower antenna mounting system or
building mounting system. The small sized antennas permait
the use of existing common carrier bands, such as the 4 GHz
band, as cell site backhaul links. The common enclosure
holding multiple antennas avoids the high leasing costs asso-
clated with mounting individual antennas. The i1ndividual
antenna rotary mounting provides support of multiple micro-
wave paths having full azimuth range of MW link propaga-
tion from a single host array and tower mounting.

Using the common carrier bands creates a lower one-way
transmission delay than point to multi-point fixed wireless
system or mesh wireless topologies. Transmission delay and
differential delay for cell site backhaul are a particular chal-
lenge, especially as they relate to CDMA soft hand-offs and
the ongoing migration to all IP end to end transmission for
cellular originated and/or terminated traific. In one example
embodiment of the invention, the RF modems per link may
also be incorporated into each antenna to improve S/N (signal
to noise margin) and further increase link ranges.

FIG. 3 1s a cutaway diagram of a multi-link antenna array in
another example embodiment of the mnvention. Multi-link
antenna array comprises an antenna mounting system 304
and a plurality of antennas 306. Multi-link antenna array does
not contain a radome, but the plurality of antennas 306 are
configured to {1t inside the same size and shape as the cellular
antenna elements mounted onto the cell tower. The antenna
mounting system 304 is configured to mount to the antenna
mounting system of a cell tower or antenna mounting system
on a building site using the same mounting system used by the
cellular antenna elements. Because the plurality of antennas
306 fit within the size of a cellular antenna element, and the
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multi-link antenna array mounts to a cell tower or building
site using the space equivalent to one cellular antenna ele-
ment, the multi-link antenna array may qualily as a single
attachment to the cellular tower under the leasing agreement.
This avoids the high leasing costs associated with mounting

cach antenna in the antenna array onto the cellular tower as an
individual antenna element.

We claim:

1. A communication system, comprising;

a mult1 link antenna array site,
wherein the multi link antenna array site comprises:

a radome enclosure with an outer size and shape that
matches the outer size and shape of a cellular antenna
element,

a radome mounting system coupled to the radome enclo-
sure and attached to a cellular antenna element
mounting system external to the radome enclosure,
wherein the cellular antenna element mounting sys-
tem 1s configured to mount the cellular antenna ele-
ment to a cell site structure,

an antenna mounting system configured to mount a plu-
rality of antennas completely inside the radome
enclosure, and a plurality of antennas mounted to the
antenna mounting system, wherein each of the plural-
ity of antennas comprise an antenna element and a
radio frequency (RF) head configured to convert an
intermediate frequency (IF) signal into a frequency
for use by the antenna element;

a single cable configured to enter the radome enclosure
and carry the IF signals, a power line, and a ground
path for the plurality of antennas;

a plurality of remote sites coupled to the multi link antenna
array site with a plurality of point to point microwave
links:; and

a fiber Metropolitan area network (MAN) coupled to the
multi link antenna array site.

2. The communication system of claim 1 where the multi

link antenna array site further comprises:

a plurality of patch antennas where each of the plurality of
patch antennas form one end of the plurality of point to
point microwave links and the plurality of patch anten-
nas are mounted on a common mount.

3. The communication system of claim 2 where the plural-

ity of patch antennas are each smaller than two feet 1n width.

4. The communication system of claim 1 where the plural-
ity of point to point microwave links operate using a common

carrier band selected from the 2, 4, 6, 10, 11, 18, 23, or 28
(GHz common carrier bands.

5. The communication system of claim 1 where at least one
of the plurality of remote sites 1s a regional area network
(RAN) site.

6. The communication system of claim 1 where at least one
of the plurality of remote sites 1s a customer site.

7. The communication system of claim 1 where at least one

of the plurality of point to point microwave links 1s used as a
backhaul link.

8. The communication system of claim 1 where the fiber
MAN 1s coupled to the mult1 link antenna array site with an
optical link.

9. The communication system of claim 1 where at least one
of the plurality of antennas operates at a wavelength band
selected from the group: broadband radio service (BRS) 2.5
GHz, local multipoint distribution service (LMDS 24 GHz-
39 GHz), Unlicensed bands 2.4 GHz, 3.6 GHz, 5.8 GHz, or at
licensed cellular bands 800 MHz, 1900 MHz.
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10. A method of operating a communication system, com-
prising;:
coupling a fiber Metropolitan area network (MAN) to a
multi link antenna array site;

coupling the multi link antenna array site to a plurality of
remote sites with a plurality of point to point microwave
links:; and

forming the multi link antenna array site by enclosing a
plurality of antennas 1nside aradome enclosure, wherein
the radome enclosure has an outer size and shape that
matches the outer size and shape of a cellular antenna
clement, wherein the plurality of antennas form the plu-
rality of point to point microwave links, and wherein
cach of the plurality of antennas comprise an antenna
clement and a radio frequency (RF) head configured to
convert an intermediate frequency (IF) signal into a fre-
quency for use by the antenna element; and

teeding the plurality of antennas with a single cable con-
figured to enter the radome enclosure and carry the IF
signals, a power line, and a ground path.

11. The method of operating a communication system of
claim 10 where the plurality of point to point microwave links
operate using a common carrier band selected from the 2, 4, 6,

10, 11, 18, 23, or 28 GHz common carrier bands.

12. The method of operating a communication system of
claim 10 where at least one of the plurality of remote sites 1s
a regional area network (RAN) site.

13. The method of operating a communication system of
claim 10 where at least one of the plurality of remote sites 1s
a customer site.

14. The method of operating a communication system of
claim 10 where at least one of the plurality of point to point
microwave links 1s used as a backhaul link.

15. The method of operating a communication system of
claim 10 where the fiber MAN 1s coupled to the mult1 link
antenna array site with an optical link.

16. The method of operating a communication system of
claim 10 where at least one of the plurality of point to point
microwave links operates at a wavelength band selected from
the group: broadband radio service (BRS) 2.5 GHz, local
multipoint distribution service (LMDS 24 GHz-39 GHz),
Unlicensed bands 2.4 GHz, 3.6 GHz, 5.8 GHz, or at licensed
cellular bands 800 MHz, 1900 MHz.

17. A communication system, comprising:

a multi link antenna array site, wherein the mult1 link
antenna array site comprises a plurality of patch anten-
nas where each of the plurality of patch antennas form
one end of the plurality of point to point microwave links
and the plurality of patch antennas are mounted on a
common mount,

a plurality of remote sites coupled to the multi link antenna
array site with a plurality of point to point microwave
links:

a fiber Metropolitan area network (MAN) coupled to the
multi link antenna array site;

wherein the multi link antenna array site further comprises:

a radome enclosure with an outer size and shape that
matches the outer size and shape of a cellular antenna
element:;

a radome mounting system coupled to the radome enclo-
sure and attached to a cellular antenna element mounting,
system external to the radome enclosure, wherein the
cellular antenna element mounting system 1s configured
to mount the cellular antenna element to a cell site struc-
ture;
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an antenna mounting system configured to mount the plu- a single cable configured to enter the radome enclosure and
rality of patch antennas completely mside the radome carry the IF signals, a power line, and a ground path for
enclosure; the plurality of antennas.

a plurality of antennas mounted to the antenna mounting, 18. The communication system of claim 17, wherein the
system, wherein each of the plurality of antennas com- 5 plurality of point to point microwave links operate using a
prise an antenna element and a radio frequency (RF) common carrier band selected from the 2,4, 6,10, 11, 18, 23,
head configured to convert an intermediate frequency or 28 GHz common carrier bands.

(IF) signal 1nto a frequency for use by the antenna ele-
ment; and £k ok ok %
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